Introduction
Migrations and dispersals of prehistoric human populations, particularly the settlements of the Americas and the South Pacific, have long attracted morphological and genetic anthropologists, archaeologists, and linguists (BIRDSELL, 1957; MARTIN, 1973; KIRK and SZATHMARY, 1985; GREENBERG et al., 1986; HILL and SERJEANTSON, 1989) . In these studies (BIRD-SELL's work on the peopling of Australia was an exception), however, the density, structure, and dynamics of human populations who experienced long-distance migrations have been overlooked, despite the fact that such populations must have had their own fertility and mortality schedules and coped with environmental restrictions, particularly of food resources.
Because of scarce demographic information for prehistoric populations, simulation modelling is one effective tool for this purpose; computer simulations may predict the behavior of a system prospectively, leading to operational decisions, or retrospectively, leading to historical reconstructions, and they may be used in a synchronic sense to study the effects of interactions among components by means of "experimental" manipulation of the parameters (JOHNSTON and ALBERS, 1973 developed a new microsimulation model to treat simultaneously fertility, mortality, and migration, taking the optimal carrying capacity (the maximum number of persons sustainable by a given territory under specific conditions) into account.
The Model
The outlines of our simulation model are as follows: 1. The minimum component is an individual person, and each individual's properties are sex and age. 2. Each individual's death is determined in each year by comparing between the age-specific probability of dying and a random number, r (0 < r < 1). 3. Childbirths of each woman of reproductive age are determined in each year by the age-specific probability of childbirth and a random number, r.
4. Sex ratio at birth is fixed (at 1.05), and each newborn baby's sex is determined by a random number. 5. People live in "settlements,"
and each individual should be an inhabitant of a specific settlement. 6. Each settlement is located in a cell on a hexagonal-linkage "land"; the settlement will be referred to as a cell hereafter. The cells temporarily number 64 (8 * 8), which are arranged on a rectangular land; these conditions are changeable. 7. Each cell has its own (optimal) carrying capacity. 8. As a parameter of determining the speed of population increase in each cell, net reproduction rate (NRR: the rate of intergenerational replacement of population under the fixed age-specific fertility and mortality rates) is applied. To attain a given NRR of each cell, the probability of childbirth is adjusted. The program of this simulation model, 832 lines in length, is written on PC-9801 (Turbo-C Ver. 2.0), and its flow diagram is shown in Fig.  1 . After defining the initial parameters, this model generates an "initial" population and chooses a certain cell to be inhabited. In practice, the model first decides the population size and the cell to be inhabited. Second, using random numbers the model decides each individual's sex and age to accord with the sex/age composition expected from the given age-specific mortality rates and sex ratio at birth.
The main loop (between (2) and (2) in Fig.  1 ) consists of two parts: one for deciding each individual's birth and death, and the other for deciding each individual's migration between cells. In the birth/death loop, the order of the cells to be simulated in each year is randomly determined. In each year, births and deaths of all individuals from the first to the last cells are calculated, and then simulation in the migration loop commences.
In the migration loop, the order of the cells to be treated is shuffled, particularly because if simulations are practiced for the cells in the same order every year, the directions of inter-cell migrations may be biased. For the first cell, the model examines whether the population number exceeds 90010 of the carrying capacity (CC in Fig.  1) ; when it exceeds this percentage, the model examines whether each of the neighboring cells is capable of receiving migrants according to a given condition, and if there are two or more such cells one cell only is randomly chosen as the possible destination. After that, the occurrence of migration between the cells is decided according to a given probability. In a case that migration occurs, whether each individual of the sending cell migrates or not is decided according to a given probability. The same treatment is made, one by one, for all cells.
When the above-mentioned procedures for the two loops are completed for the first year, the program turns to the calculation for the next year to repeat it until the final year of the observation period. Before turning to the following year's calculation, the NRR of each cell is re-adjusted, according to the number of inhabitants and the carrying capacity.
In this model, the numbers of inhabitants (divided by sex) in each cell are exhibited on the display console (CON in Fig. 1 ), whenever treatment of each cell for either birth/death loop or migration loop has been made.
A Preliminary Trial
The Conditions Applied 1. The land consists of 64 (8 * 8) cells (see Fig. 2 5. The probability of childbirth for women in each reproductive age is determined as follows. First, the relative risks of childbirth among women of each age follow the age-specific birth rates which are used in WEISS' (1973) model life table for prehistoric populations. Second, based on the above-mentioned relative risks, the agespecific probabilities of childbirth are determined to attain the NRR which has been given in the present trial (see below). 6. Regarding the relationship between carrying capacity and NRR, NRR is 1.05 when the existent number of persons in a cell is equal to or less than 80% of the carrying capacity; NRR is 1.00 when the population is 80-100% and 0.95 when over 100%. increased almost exponentially (linearly on the log-scale graph) to the year 2,000. Then, until the year 5,000 it still increased, the rate gradually slowing. From the year 5,000, the population was almost at a plateau, at about 10,000 in number.
The population numbers by sex in each cell are shown for five selected periods: the year 0, the year 500, the year 1,000, the year 2,000, and the year 4,000 (Figs. 3-7) . At the year 500, three cells were populated, with 346 persons in total. At the year 1,000, the population increased to 637 who inhabited five cells. By the years 2,000 and 4,000, the population numbered, respectively, 2,208 and 7,555, and the inhabited cells numbered 13 and 51. By the year 8,000 (figure not shown), all the cells were inhabited, with a total population of 10,978.
Implications
In this simulation, the population in the year 2,000 was 27.6 times that in the year 0. When the interval between generations were supposed to be 25 years, NRR was 1.042 (27.625/2000). During the period between the year 2,000 and the year 4,000, the population increased by 3.42 times; this corresponds to 1.015 of NRR. The population increase rate declined after that, and since the year 5,000 it became almost 0 and the NRR has been almost 1.00. This trend satisfied (LEE and DEVORE, 1968; BICCHIERI, 1972; WINTERHALDER and SMITH, 1981) and the reconstructed environments of the target areas, in particular flora and fauna (YONEKURA, 1990) . Theoretically, the NRR value can be calculated when the population increase rate and the mean childbearing age of mothers are known. The population increase rates have been estimated for prehistoric populations in various stages (HASSAN, 1981) and the mean childbearing age may safely be estimated (NAG, 1962) . Alternatively, an estimation was made for NRR values of a past population, using genealogical records (OHTSUKA, 1986) . The next problem is concerned with distance between cells in our model. When carrying capacity of the target population is given, we need only the land area of its territory to calculate the inter-cell distance. The land area occupied by the target population may be estimated by archaeological findings such as the distribution of sites.
Some other advantages of this model are listed as follows. First, because of the nature of simulation analysis, chance fluctuations of demographic parameters can be accounted for. Second, it makes possible visual expressions of population numbers for each cell in each year. Third, because of individual-based modelling, the spatial distribution and temporal change of genetic traits in the population can be estimated.
